A Gram-stain-negative, aerobic, short rod-shaped, non-endospore-forming, ivory-pigmented and non-motile bacterium, designated strain BUT-5 T , was isolated from activated sludge of an herbicides-manufacturing wastewater treatment facility in Jiangsu Province, China. The major fatty acids (.5 % of total fatty acids) were C 16 : 0 , C 18 : 1 2-OH and summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c). The predominant respiratory quinone was ubiquinone Q-10. The polar lipids profile of strain T included diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and two unknown aminolipids. The DNA G+C content was 67.6 mol%. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain BUT-5 T showed the highest sequence similarities to Roseomonas soli 5N26 T (97.5 % 16S rRNA gene sequence similarity), followed by Roseomonas lacus TH-G33 T (97.3 %) and 
The genus Roseomonas, belonging to the class Alphaproteobacteria, was first proposed to accommodate Gramstaining-negative, non-fermentative and plump coccoid isolates that cause bacteraemia and other human infections (Rihs et al., 1993) . At the time of writing, the genus Roseomonas, which was lately emended by Sánchez-Porro et al. (2009) , comprises 19 species with validly published names (http://www.bacterio.net). Among them, four species including Roseomonas gilardii (Rihs et al., 1993) , R. cervicalis (Rihs et al., 1993) , R. fauriae (Rihs et al., 1993) and R. mucosa (Han et al., 2003) were isolated from clinical samples such as blood, cervix and wound (Sandoe et al., 1997; Bibashi et al., 2000; Subudhi et al., 2001) , and the other 15 species were isolated from environmental samples such as soil (Yoon et al., 2007; Zhang et al., 2008; Chen et al., 2014; Kim & Ka, 2014) , air (Yoo et al., 2008; Kim et al., 2013) , water (Gallego et al., 2006; Furuhata et al., 2008; Baik et al., 2012) , water-cooling system (Kim et al., 2009) , water sediment (Jiang et al., 2006) , estuarine habitat (Venkata Ramana et al., 2010) , coin (Lopes et al., 2011) , banana leaf (Nutaratat et al., 2013) and indoor building materials (Kämpfer et al., 2003; Sánchez-Porro et al., 2009) , indicating that members of this genus occurred widely in nature. Most species of the genus Roseomonas share the following chemotaxonomic features: the major fatty acids are C 18 : 1 v7c, C 16 : 0 and C 18 : 1 2-OH (Han et al., 2003; Jiang et al., 2006; Gallego et al., 2006; Yoon et al., 2007; Kim et al., 2009; Chen et al., 2014; Kim & Ka, 2014) ; the polar lipids include diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE) and phosphatidylcholine (PC) (Sánchez-Porro et al., 2009; Chen et al., 2014; Kim & Ka, 2014) ; the predominant respiratory quinone is ubiquinone Q-10 (Jiang et al., 2006; Gallego et al., 2006; Yoon et al., 2007; Yoo et al., 2008; Zhang et al., 2008; Kim et al., 2009; Chen et al., 2014; Kim & Ka, 2014) ; the DNA G+C content range is 65.8-73.0 mol% (Rihs et al., 1993; Sandoe et al., 1997; Bibashi et al., 2000; Subudhi et al., 2001; Han et al., 2003; Kämpfer et al., 2003; Gallego et al., 2006; Jiang et al., 2006; Yoon et al., 2007; Furuhata et al., 2008; Yoo et al., 2008; Zhang et al., 2008; Kim et al., 2009 Kim et al., , 2013 Sánchez-Porro et al., 2009; Venkata Ramana et al., 2010; Lopes et al., 2011; Baik et al., 2012; Nutaratat et al., 2013; Chen et al., 2014; Kim & Ka, 2014) . In this study, we report the polyphasic characterization of a Roseomonas-like strain isolated from activated sludge of an herbicides-manufacturing wastewater treatment facility, and propose it represents a novel species of the genus Roseomonas.
During an investigation of the microbial diversity of a wastewater bio-treatment facility (318 229 N 1208 569 E) which was used to treat herbicides-manufacturing wastewater using H/O (hydrolysis/aerobic) technique in Kunshan city, Jiangsu Province, China, a bacterium, designated strain BUT-5 T , was isolated from an activated sludge sample collected from the aerobic reactor by using the dilution-plating method. Briefly, the sample was serially diluted (10 After incubation at 30 8C for 5 days, an ivory-pigmented colony was picked and purified by repeated streaking on the same medium.
Roseomonas soli KACC 16376
T , Roseomonas lacus KACC 11678 T and Roseomonas terrae KACC 12677 T , which were used as reference strains for phenotypic, chemotaxonomic and genotypic characterization, were obtained from the Korean Agricultural Culture Collection (KACC), Republic of Korea. Unless indicated otherwise, for morphological, physiological and biochemical characteristics studies, strain T and the reference strains were cultivated on R2A agar or in R2A broth (BD Difco) at 30 8C.
Genomic DNA of strain T was extracted according to standard procedures (Sambrook & Russell, 2001 ). The nearly complete 16S rRNA gene was obtained by PCR amplification using a pair of universal primers, namely 59-AGAGTTTGATCCTGGCTCAG-39 (Escherichia coli bases 8-27) and 59-TACCTTGTTACGACTT-39 (E. coli bases 1507-1492), and then sequenced by an automatic sequencer (model 3730; Applied Biosystems). Pairwise sequence similarity was calculated by using a global alignment algorithm, implemented at the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/ezt_identify; Kim et al., 2012) . Phylogenetic analysis was performed by using the software package MEGA version 5.0 (Tamura et al., 2011) after multiple alignments of the sequence data with CLUS-TAL X (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) methods. The topology of the phylogenetic tree was evaluated by the bootstrap resampling method with 1000 replicates (Felsenstein, 1985) .
The nearly complete 16S rRNA gene sequence (1445 nt) was obtained for strain . Analysis of the 16S rRNA gene sequence revealed that strain T was phylogenetically related to members of the genus Roseomonas (92.0-97.5 % 16S rRNA gene sequence similarities), with the greatest similarity to R. soli 5N26 T (97.5 %), followed by R. lacus TH-G33 T (97.3 %), R. terrae DS-48 T (97.1 %), R. mucosa ATCC BAA-692 T (94.2 %), Roseomonas gilardii subsp. rosea ATCC BAA-691 T (94.0 %) and Roseomonas gilardii subsp. gilardii ATCC 49956 T (93.7 %). In the phylogenetic tree ( DNA-DNA hybridization (DDH) was carried out to determine the relatedness of strain T with its closest phylogenetic neighbours. DDH was performed following the protocol described by Ezaki et al. (1989) . Hybridization was repeated three times and the means of the resulting values were determined, and then the reciprocal experiments were performed. The final values were obtained by averaging the direct and reciprocal results. Strain T exhibited mean DNA-DNA relatedness values of 41¡7 %, 46¡3 % and 42¡5 % with respect to R. soli KACC 16376 T , R. lacus KACC 11678 T and R. terrae KACC 12677 T , respectively. The hybridization values were below the threshold value of 70 % recommended for the delineation of species (Wayne et al., 1987) . Based on the above DNA-DNA relatedness data, strain T may be classified as a novel species of the genus Roseomonas.
Cell morphology was examined during exponential phase using transmission electron microscopy (H-7650; Hitachi), and short rod-shaped cells were observed (Fig. S1 , available in the online Supplementary Material). The motility of cells was tested via the hanging-drop method (Bernardet et al., 2002) , and no motility was found. Gram-staining, determined using cells from exponentially growing cultures according to the method described by Gerhardt et al. (1994) , revealed that strain T was Gram-stain-negative. Endospore formation was determined by malachite green staining, and no endospore was observed. Catalase activity, tested by picking a colony from exponentially growing cultures and smearing it into a drop of H 2 O 2 , was shown to be positive. The methyl red and oxidase activities were determined according to the methods described by Smibert & Krieg (1994) , and were both negative. Hydrolysis of casein, hypoxanthine, starch, Tweens 20 and 80, and tyrosine were determined as described by Cowan & Steel (1965) , and only casein could be hydrolysed. Growth analyses were conducted under varying NaCl concentrations [0-10 % (w/v) at 0.5 % intervals], pH [pH 3-11 at 0.5 unit intervals, using trypticase soya broth (TSB; Difco) medium containing 100 mM acetate buffer, 100 mM phosphate buffer or 100 mM NaHCO 3 / Na 2 CO 3 buffer for pH 3.0-5.0, 6.0-8.0 and 9.0-11.0, respectively] and temperatures (5-40 8C at 5 8C intervals). Strain T grew at 15-35 8C, pH 3.0-10.0 and in the presence of 0.5-7.0 % (w/v) NaCl, with optima at 30 8C, pH 6.0-8.0 and 1.0-2.0 % NaCl. Sensitivity to antibiotics was tested on R2A agar using discs containing the following antibiotics (mg per disc): ampicillin (10), carbenicillin (100), neomycin ( (Bauer et al., 1966) . The results revealed that strain T was resistant to trimethoprim and enoxacin. Substrate utilization, enzyme activities and other physiological and biochemical properties were tested by using the API 20NE, API ZYM, API 20E and API 50CH systems (bioMérieux) according to the manufacturer's instructions. Among them, none of the substrates in API 50CH strip were utilized as a sole carbon source. The detailed morphological, physiological and biochemical characteristics of strain T are summarized in the species description and in Table 1 . The DNA G+C content of strain BUT-5 T , determined according to the thermal denaturation method of Marmur & Doty (1962) , was 67.6 mol%, a value in accordance with those for the genus
Roseomonas frigidaquae CW67 T (EU290160)
Roseomonas stagni HS-69 T (AB369258)
Roseomonas riguiloci 03SU10-P T (HQ436503)
Roseomonas mucosa ATCC BAA-692 T (AF538712)
Roseomonas gilardii subsp. rosea ATCC BAA-691 T (AY220740)
Roseomonas gilardii subsp. gilardii ATCC 49956 T (AY150045)
Roseomonas aquatica TR53 T (AM231587)
Roseomonas rosea 173/96 T (AJ488505)
Roseomonas pecuniae N75 T (GU168019)

Roseomonas aerilata 5420S-30 T (EF661571)
Roseomonas vinacea CPCC 100056 T (EF368368)
Roseomonas rhizosphaerae YW11 T (KC904962)
Roseomonas cervicalis ATCC 49957 T (AY150047)
Roseomonas aestuarii JC17 T (FM244739)
Roseomonas ludipueritiae 170/96 T (AJ488504)
'Roseomonas musae' NBRC 107870 (AB594201)
Roseomonas aerophila 7515T-07 T (JX275860)
Roseomonas eburnea BUT-5 T (KF254767)
Roseomonas soli 5N26 T (JN575264)
Roseomonas lacus TH-G33 T (AJ786000)
Roseomonas terrae DS-48 T (EF363716)
Methylobacterium organophilum Filled circles indicate that the corresponding nodes were also recovered in trees generated with maximum-likelihood and maximum-parsimony algorithms. Bootstrap percentages (based on 1000 replications) .70 % are shown at nodes. GenBank accession numbers for 16S rRNA gene sequences are given in parentheses. Methylobacterium organophilum JCM 2833 T (GenBank accession no. D32226) was used as the outgroup. Bar, 2 nt substitutions per 100 nt.
Roseomonas (65.8-73.0 mol%), but lower than those of R. soli KACC 16376 T (68.3 mol%) (Kim & Ka, 2014) , R. lacus KACC 11678 T (71.9 mol%) (Jiang et al., 2006) and R. terrae KACC 12677 T (69.3 mol%) (Yoon et al., 2007) .
For analysis of cellular fatty acids, respiratory quinones and polar lipids, strain BUT-5 T , R. soli KACC 16376 T , R. lacus KACC 11678
T and R. terrae KACC 12677 T were grown in R2A broth at 30 8C until reaching the mid-exponential phase, and were then harvested by centrifugation, washed with distilled water, and freeze-dried. Fatty acid methyl esters were extracted and analysed using the Microbial Identification System (MIDI), as described previously (Sasser, 1990; Pandey et al., 2002) . The cellular fatty acid profiles of strain T , R. soli KACC 16376 T , R. lacus KACC 11678
T and R. terrae KACC 12677 T are listed in Table S1 . The cellular fatty acid profile of strain BUT-5 T was typical of those of members of the genus Roseomonas (Han et al., 2003; Jiang et al., 2006; Yoon et al., 2007; Chen et al., 2014; Kim & Ka, 2014) . However, some quantitative differences in fatty acid content could be observed between strain BUT-5 T and its phylogenetically closest relatives. Compared to R. soli KACC 16376 T , strain BUT-5 T possessed comparatively higher levels of C 16 : 0 2-OH and summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and lower levels of C 16 : 0 and C 18 : 0 ; C 17 : 1 v7c was present in strain BUT-5 T , but absent in R. soli KACC 16376 T . Compared to R. lacus KACC 11678 T , strain BUT-5 T possessed comparatively lower levels of C 18 : 1 v7c 11-methyl and C 18 : 1 2-OH and higher levels of C 16 : 0 . Compared to R. terrae KACC 12677 T , strain BUT-5 T possessed comparatively higher levels of summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) and lower levels of C 19 : 0 cyclo v8c; C 18 : 1 v5c 
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was present in strain BUT-5 T , but absent in R. terrae KACC 12677
T . Respiratory quinones were extracted from freezedried cells (200 mg) with methyl chloride/methanol, and analysed by reversed-phase HPLC (Minnikin et al., 1984; Yamada et al., 2011) . Strain T contained ubiquinone Q-10 as the predominant respiratory quinone, which was the same as that of R. soli KACC 16376
T (Kim & Ka, 2014) , R. lacus KACC 11678
T (Jiang et al., 2006) and R. terrae KACC 12677
T (Yoon et al., 2007) according to previous studies. In addition to ubiquinone Q-10, minor amounts of ubiquinone Q-9 were also found in strain BUT-5 T . Polar lipids were extracted from 100 mg freezedried cell material using a chloroform/methanol/0.3 % aqueous NaCl mixture (1 : 2 : 0.8, by vol.) (Bligh & Dyer, 1959) . The extraction solvent was stirred overnight, and then the cell debris was removed by centrifugation. Polar lipids were recovered into the chloroform phase by adjusting the former mixture ratio (chloroform/methanol/0.3 % aqueous NaCl, 1 : 2 : 0.8, by vol.) to 1 : 1 : 0.9 (by vol.). Polar lipids were separated by two-dimensional silica gel thin-layer chromatography and identified using previously described procedures (Minnikin et al., 1979) . Molybdatophosphoric acid was used to detect total lipids, ninhydrin and molybdenum blue were used in succession to detect lipids with an amino group and lipids with a phosphate group, respectively, and a-naphthol was used to detect lipids with a sugar moiety. The polar lipids profile of strain T included DPG, PG, PE, PC and two unknown aminolipids (AL1, AL2) (Fig. S2) , which was almost the same as that of the type species of the genus Roseomonas (Sánchez-Porro et al., 2009).
On the basis of phylogenetic analysis, DNA-DNA hybridization, phenotypic differences and chemotaxonomic data, strain T represents a novel species within the genus Roseomonas, for which the name Roseomonas eburnea sp. nov. is proposed.
Description of Roseomonas eburnea sp. nov.
Roseomonas eburnea (e.bur.ne9a, L. fem. adj. eburnea white as ivory).
Cells are short rod-shaped, 0.6-0.9|1.3-2.3 mm, Gramstain-negative, aerobic, non-endospore-forming and nonmotile. Colonies grown on R2A agar are ivory-pigmented, raised, circular, smooth, shiny and approximately 2 mm in diameter after 5 days at 30 uC. Growth occurs at 15-35 uC, pH 3.0-10.0 and in the presence of 0.5-7.0 % (w/v) NaCl, with optima at 30 uC, pH 6.0-8.0 and 1.0-2.0 % NaCl. Catalase reaction is positive, while oxidase, Voges-Proskauer and methyl red reactions are negative. Nitrate is not reduced. H 2 S and indole are not produced. Casein is hydrolysed, but not aesculin, hypoxanthine, starch, tyrosine, gelatin, Tweens 20 and 80, or urea. Utilizes caprate, adipate, malate, propionate, p-hydroxyphenylacetate, succinate, L-leucine, a-ketovalerate, L-alaninamide, D-alanine, DL-lactate, L-alanyl glycine, L-asparagine, L-glutamate, methyl pyruvate and b-hydroxybutyrate as sole carbon sources. b-galactosidase, arginine dihydrolase and lysine decarboxylase reactions are negative. Citrate is not utilized. Acid is not produced from D-glucose, D-mannitol, inositol, D-sorbitol, L-rhamnose, sucrose, melibiose, amygdalin, lactose or maltose. Cystine arylamidase, lipase chymotrypsin, a-galactosidase, a-glucosidase and valine arylamidase activities are positive; a-mannosidase is weakly positive; alkaline phosphate, esterase (C4) and naphthol-AS-BIphosphohydrolase activities are negative. The predominant respiratory quinone is ubiquinone Q-10. The major fatty acids (w5 % of total fatty acids) are C 16 : 0 , C 18 : 1 2-OH and summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c). The polar lipids profile consists of PG, PE, DPG, PC and two unknown aminolipids.
The type strain, T (5CCTCC AB2013276 T 5KACC 17166 T ), was isolated from activated sludge of an herbicidesmanufacturing wastewater treatment facility (31u 229 N 120u 569 E) in Kunshan city, Jiangsu province, China. The DNA G+C content of the type strain is 67.6 mol%.
